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ABSTRACT
Today’s rate of biodiversity loss in the face of climate change and human disturbance urges
scientists to quickly capture as much biodiversity data as possible. Citizen science is a tool with
great potential for aiding scientists in the collection of this information. The citizen science
platform iNaturalist simultaneously enables mass data collection and establishes a digital
database accessible to scientists anywhere, anytime. The standardization of floras has been a
focus of botanists, including Palmer (1995), who listed a complete set of the requirements that all
botanists are urged to follow to maximize both data point cohesiveness and broader data quality.
The focus of this paper is the evaluation of an iNaturalist project’s ability to meet Palmer’s
standards and the preliminary collection of biodiversity data of the Charles B. Henson Cave
Preserve in Dade County, Georgia. The goals of this study were to: (1) assess the ability of an
iNaturalist project to meet Palmer’s standards for conducting a flora, (2) conduct a digital flora
of the Charles B. Henson Cave Preserve, and (3) evaluate the ability of an iflora of this nature to
capture meaningful biodiversity data. Between April and October 2021, fourteen site visits were
conducted, resulting in 469 total observations. Of these, 156 were identified to species using
iNaturalist’s identification tool, and 168 are research grade. The observations identified to
species consist of 17 pteridophytes, four gymnosperms, 118 dicots, and 20 monocots. Of these
species, 14 were determined to have state ranks of S1, S2, or S3 and/or global ranks of G1, G2,
G3. Using the Tennessee Cumberland Plateau species area curve (Huskins and Shaw, 2010), the
expected number of species for the CBHCP was determined to be 580 species, indicating a need
for further documentation. Each of Palmer’s standards may be met using an iNaturalist project to
varying degrees of success.
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INTRODUCTION
In response to the changing climate and extreme rate of biodiversity loss on a global scale,
researchers everywhere face an urgency to streamline the collection of biodiversity data and
address the inaccessibility of scientific data. Floral biodiversity data are especially at risk as a
result of urban development and other anthropogenic disturbances. Within the world of botanical
research, floras are comprehensive biodiversity surveys of plants of a defined area. Floras
capture important baseline data that can serve as indicators of an area’s vegetative health. While
many researchers would agree that floral data must be collected before it is lost, properly
conducting a flora may be quite time-consuming, preventing research efforts from reaching as
many areas as possible before diversity is irreparably extinguished. Additionally, floral data must
be made more accessible to ensure that researchers have an up-to-date foundation on which they
can base their work. The digitization of data is the most current means by which researchers can
proliferate the accessibility of data; as data are uploaded to digital databases, scientists from far
reaches are able to conduct research in more meaningful ways. Several data digitization tools are
accessible to the general public in the form of citizen science initiatives, and scientists are
beginning to utilize these platforms in order to expedite data collection through crowdsourcing
(von Konrat et al. 2018). iNaturalist is just one example of a citizen science platform that enables
its users to digitize observations of the world's biodiversity, while simultaneously making the
observations easily accessible to any and every other iNaturalist user. In light of all this effort to
aggregate biodiversity data online, it may be time to evaluate how citizen science-sourced data
may assist biodiversity exploration and add to more traditional, specimen-based data sets. This
study will evaluate an iNaturalist project intended to serve as a flora against the most
well-respected standards of writing floras, and the iNaturalist flora, or iflora, will serve as a
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preliminary study of the Charles B. Henson Cave Preserve in Dade County, Georgia. The goal of
this study is to uncover the shortfalls and strengths of a digital project intended to accomplish the
same goals of a more traditional, specimen-based flora.

BACKGROUND
There is a global effort to digitize herbarium specimens and their label data; many online tools
enabling the public to transcribe specimen label data have sped up this process (Ellwood, et. al.,
2015). Federally funded programs are helping to make a significant dent in the pile of specimens
to be digitized; for example, the U.S. National Science Foundation’s (NSF) Advancing
Digitization of Biodiversity Collections (ADBC) program has played a major role in increasing
the rate of herbarium specimen digitization (Nelson et al. 2018). These efforts are making it
possible for scientists to access data that were once just sitting in the dark and bring them to light
in important ways. In a similar way, citizen science platforms are bringing to the light a wealth of
botanical information that could never have been brought to light by scientists alone. Citizen
science is a fairly new concept, and the earliest use of the term “citizen science” as we use it
today can be traced back to an issue of MIT Technology Review published in 1989 (Dorler, et al.
2021). While there have been efforts in recent years to bring about a more international
definition of “citizen science” (Heigl et al. 2019), a case has been made for the wide range of
interpretations of the term that reveal its context-specific nature; thus, the diversity and fluidity
of the field of citizen science indicates the importance of leaving room for further growth and
innovation (Hacklay et al. 2021). The definition of “citizen science” as we know it today
originated with Irwin (1995), who valued the political link between citizenship and science, and
Bonney (1996) who focused more on the collection of field observations by volunteers as
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coordinated by scientists. Generally speaking, the term has most recently been used to refer to
the various forms of participation in scientific knowledge production (Haklay et al. 2021).
In the same vein, the definition of the term “flora” has a clouded history due to the lack of
specific standards. Throughout time, floras have served as guides to identification, assessments
of biological resources, and many other artifacts, but the most general, well-accepted definition,
established by Lawrence (1951), describes a flora as an inventory of the plants of a definite area.
While the room for interpretation of the term “citizen science” can be considered a good thing,
the variability of floras may hinder comparative research (Palmer, 1995). In the effort to unify
and improve the applicability of future floras, current researchers may look to a set of proposed
standards established by Palmer (1995), who lists the elements necessary to eliminate gaps in the
data and enhance consistency throughout a given flora and scientific literature as a whole.
Palmer (1995) breaks down the proposed requirements of a flora into nine categories (Table 3),
and he explains what are the specific components falling under each category that would yield an
ideal flora. Palmer reasons why each component is necessary and how each one enriches the
overall dataset. Given a standardized rubric for writing floras, we are presented with the ability
to apply these standards not only when conducting traditional floras but also when working on
projects seeking to achieve flora-like goals. In other words, Palmer’s standards allow us to
evaluate how closely digital citizen science projects approximate a traditional, specimen-based
flora.
This leads us to iNaturalist, a platform that provides an avenue by which citizen scientists and
researchers alike may deposit meaningful and useful scientific observations. According to their
website, iNaturalist is an online social network of people sharing biodiversity information to help
each other learn about nature (https://www.inaturalist.org/pages/what+is+it), and, in the case of
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floristic studies, serves as a user-friendly tool for the collection, identification, and publication of
plant species observations. Several studies have come out since the advent of citizen science
distinguishing iNaturalist as a valuable tool for studying the biodiversity of an area (Echeverria
et al. 2021, Niemiller et al. 2021, Stevenson et al. 2021). Such an approach presents an efficient
method for a new botanical researcher to gain a fundamental understanding of the flora of an
area; in this case, the Charles B. Henson Cave Preserve (CBHCP). The CBHCP currently
experiences a lack of prior documentation; thus, an exploration of the vascular flora within the
study area and possibly the greater Rising Fawn area is necessary. An iflora of the CBHCP will
simultaneously document biodiversity and provide an artifact that we may use to evaluate the
scientific value of a digital flora conducted using a citizen science tool.

STUDY AREA
The CBHCP, is located in the town of Rising Fawn in Dade County, Georgia, and the area is also
known as Johnson’s Crook, a name based on the geomorphology of the area. The preserve covers
approximately 971ha of land, with elevations ranging from 290m to 609m. The preserve is
located between 34.792047˚ and 34.762968˚ latitudes and -85.509306˚ and -85.461454˚
longitudes. The area was at one time pitched as a tourist attraction and resort town to be called
“The Preserve at Rising Fawn.” The development project could not move forward when plans to
implement a subdivision turned out to be a forty million dollar mortgage-fraud scheme (Pace,
2019). The Southeastern Cave Conservancy Inc. (SCCi) more recently acquired the lands from
an anonymous donor and the Georgia-Alabama Land Trust Inc. The land is now protected and
managed by SCCi, which protects over 170 caves throughout six states in the southeastern
United States, 40 of which are located within the study area
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(https://www.saveyourcaves.org/preserves.html, accessed March 17, 2021). Remnants of
development efforts still scatter the area: discarded pipes, tall stone and metal entrance gates
leading to nowhere, the skeletal foundations of lodging headquarters and restrooms, abandoned
overgrown tennis courts, an old barn, and various other construction materials. Today, the
preserved lands are cut up by residential properties and a few gravel roads. SCCi currently has
plans to turn the preserve into a major recreation and conservation area and to add over five
miles of hiking trails and mountain biking trails, as well as establish areas for picnicking,
camping, and caving activities, with plans to demolish past development structures.
GEOGRAPHY
Johnson’s Crook is located on the western slope of Lookout Mountain, where a curving ridgeline
forms a hook enclosing a basin on roughly three sides (Figure 1). The valley floor of the preserve
undulates and steepens abruptly around the edges as it meets the ridgeline. The area consists of a
major aquifer recharge zone, and its many caves and valley floor springs result in cool, damp
zones persisting throughout the dry season. The north facing slope, south facing slope, and
undulating valley floor each present distinct ecosystems as a result of the karst landscape in
combination with the geomorphologic expression of the Wills Creek Anticline (Campbell,
Aidan, SCCi Land Manager, Personal Communication).
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Figure 1. Topography and Boundaries of the Charles B Hensons Cave Preserve. This map
shows the topography of Johnson’s Crook, where a basin is enclosed on roughly three sides by
an arching ridgeline. This map also displays the boundaries of the Charles B. Henson Cave
Preserve.
GEOLOGY AND SOILS
Rock ages in Dade County, Georgia, range from Cambrian to Pennsylvanian; Cambrian and
Ordovician rocks occur along Lookout Valley, which is flanked by ridges of Silurian, Devonian,
and Lower Mississippian aged rocks. The geology of the Rising Fawn consists mainly of soluble
rock types, including limestone, marble, and gypsum, with the Ste. Geneiveie limestone deeply
weathered to a reddish soil containing large fragments of chert. The thickest and most extensive
alluvial deposits occur at the mouths of deep passes like Johnson’s Crook where the deposits fan
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out into the valleys (Croft, M. G., 1964). According to Croft, the alluvial deposits appear to be
permeable, have considerable extent and thickness, and are continually recharged by streams
flowing from the canyon. A soil map of the area indicates a range of soil types consisting mostly
of Hartsells-Hector complex, Bouldin-Nella complex, Rock outcrop-Hector, and Montevallo
channery silt loam (Natural Resources Conservation Resources, Web Soil Survey Cooperative
Soil Survey).
CLIMATE
The climate of Rising Fawn, Georgia is summarized using the monthly averages collected by the
National Oceanic and Atmospheric Administration (National Centers for Environmental
Information, n.d) between the years 1991 and 2020 by the Lovell Field Weather Station in
Hamilton County, Tennessee, which is 38 km northeast of the study area. The highest average
temperatures occur in July (32.5ºC) and August (32.1ºC). The lowest average temperatures occur
in December (1.8ºC) and January (0.2ºC). March (13.5 cm) and December (13.3 cm) have the
highest precipitation, and precipitation is lowest in August and October, at 9.3 and 9.1 cm
respectively.

METHODOLOGY
In order to investigate the effectiveness of an iflora in consideration of Palmer’s flora standards, I
conducted a digital flora using an iNaturalist project titled “Flora of Dade County’s Charles B.
Henson Preserve,” through which I documented observations made during visits to the CBHCP.
The iNaturalist project is conceptually a filtered query which then displays iNaturalist
observations limited to those of plants made by a select few users directly involved with my
project. During each site visit, I used an iPhone’s camera to take 5-15 pictures of each species I
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came across. For each species, I took a picture of the whole plant followed by close-up images of
special morphological characteristics, including leaves, bark, and reproductive structures.
Following each site visit, I uploaded each set of images to iNaturalist and used the application’s
identification tool to identify each species to the most specific taxonomic level possible. The tool
uses AI to suggest possible taxa for the organism in each image, but using this tool is not
required because the user uploading these images and the community users can identify the
observation as well. The identification must be confirmed by two individual users and contain
GPS coordinates before the classification is deemed “Research Grade”
(https://www.inaturalist.org/pages/help#identification, accessed March 17, 2021). Some
specimens were collected from the site and will be deposited as herbarium vouchers into the
Herbarium of the University of Tennessee at Chattanooga. Using the Tennessee Cumberland
Plateau species area curve (Huskins and Shaw, 2010), S = 260.82A0.1164, where S is the expected
number of species and A is the given area, an approximation of the expected number of species
for the study site was produced. The CBHCP has an area of approximately 971 hectares,
producing an expected count of 580 species. In order to gain an understanding of the ecological
quality of the study area, the list of observations that were identified to species were tabulated
with their respective c-values, global ranks, and state ranks. A c-value, or coefficient of
conservation, ranges between zero and ten with zero indicating a plant with a higher tolerance to
environmental degradation and ten indicating a plant with a lower tolerance that limits it to a
remnant habitat. G-ranks are global conservation status rankings, and S-ranks are conservation
rankings local to a specific state. C-values were determined using the Tennessee Kentucky Plant
Atlas species search tool (https://tennessee-kentucky.plantatlas.usf.edu/). Global and state ranks
were determined using NatureServe Explorer (https://explorer.natureserve.org/). To evaluate the
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ecological quality of the site, a Floristic Quality Index (FQI) was derived using Swink and
Wilhelm’s (1994) Floristic Quality Assessment (FQA). The FQI is calculated according to the
following equation:

where

represents the average coefficient of conservatism for native species, and N is native

species richness, which are applied in conjunction to take a measure of habitat quality (Swink
and Wilhelm, 1994). In order to explore the overlap between an iNaturalist project and Palmer’s
standards for conducting a flora, an iNaturalist feature was assigned to each of Palmer’s
standards and a summary table was produced denoting the standard category, Palmer’s specific
standards, and an equivalent component of iNaturalist that either meets the criteria or has the
capacity to facilitate the criteria.

RESULTS
FLORISTIC RESULTS
Between the months of April and October of 2021, a total of fourteen field trips were made to the
CBHCP; expeditions began at various points within the preserve where observations were made
for an average of two hours per trip, with the exception of the final trip, which lasted
approximately 5 hours (Figure 2), and a total of 469 observations were recorded. Some
observations were not identified to species level because iNaturalist’s identification tool could
not provide an accurate identification of the observation using the uploaded images, and some
observations lacking identification were not identified by the iNaturalist community. Of the
observations that were identified, 201 were identified to genus or species, 156 of which were
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identified as unique species. Of the total observations, 168 are deemed research grade at this
time, and this number includes repeat observations of the same species.

Figure 2. Observation Trends. For each site visit, this graph displays the total number of
observations made, out of those observations the number of unique species, the number of new
observations made compared to all prior trips, and out of those observations, the number of new
unique species compared to all prior trips.
Of the species observed, 16 are pteridophytes, four are gymnosperms, 20 are monocotyledons,
and 118 are dicotyledons (Table 1). Pteridophytes are represented by nine families and 13 genera,
gymnosperms are represented by 2 families and 3 genera, monocots are represented by eight
families and 15 genera, and dicots are represented by 56 families and 94 genera.
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Table 1. Summary of Four Taxonomic Groups. This table includes the total number of
families, genera, and species for the four main taxonomic groups: pteridophytes, gymnosperms,
monocots, and dicots.
Taxonomic Group

Families

Genera

Species

Pteridophytes

9

13

17

Gymnosperms

2

3

4

Angiosperms - Monocots

8

15

20

Angiosperms - Dicots

56

94

118

FLORISTIC QUALITY
105 out of the 156 species have been assigned numerical c-values. The floristic quality of the site
was calculated using a mean coefficient of conservatism for native species of 5.50 and native
species richness of 105, producing an FQI of 56.36. Species with state and global ranks of S3/G3
or lower are considered to be of special concern for the purposes of this study. Out of the 156
total species, 14 received state and global ranks of special concern (Table 2). For species of
global concern, Silphium mohrii and Actaea racemosa were ranked G3, Hymenocallis
occidentalis was ranked G2, and no G1 species were observed. As for state ranks, Allium
cernuum, Cladrastis kentukea, Hydrangea cinerea, Lobelia siphilitica, Polystichum
acrostichoides were ranked S3, Myriopteris alabamensis, Agrimonia gryposepala, and Aesculus
glabra were ranked S2, and Allium stellatum, Carex fraseriana, Philadelphus pubescens,
Silphium mohrii were ranked S1. No GA state listed or federally listed species were observed.
Three species were ranked G2-G3, and 12 species were ranked S1-S3.
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Table 2. Species of Conservation Concern at CBHCP. Fourteen species were found to have
state ranks of S1, S2, or S3 and/or global ranks of G1, G2, or G3.
Species Name

State Rank, Global Ranks of Special Concern

Actaea racemosa

S4, G3

Aesculus glabra

S2, G5

Agrimonia gryposepala

S2, G5

Allium cernuum

S3, G5

Allium stellatum

S1, G5

Carex fraseriana

S1, G4

Cladrastis kentukea

S3, G4

Hydrangea cinerea

S3, G5

Hymenocallis occidentalis

SNR, G2

Lobelia siphilitica

S3, G5

Myriopteris alabamensis

S2, G4

Philadelphus pubescens

S1, G5

Polystichum acrostichoides

S3, G5

Silphium mohrii

S1, G3

INATURALIST AND PALMER’S STANDARDS
One to two components of iNaturalist were considered to either meet or facilitate each of
Palmer’s standards for conducting a flora. Out of 32 total standards (Table 3), an iNaturalist
project was found to meet seven of them and facilitate the remaining 25. A component that meets
an explicit standard indicates that the standard cannot be skewed by user error, while a
component that facilitates a standard has the ability to capture the necessary information, but the
extent to which a standard is met depends on the information provided by the iNaturalist user.
First, each of the seven standards that were met will be discussed.
12

Table 3. iNaturalist Components Meeting Palmer’s Standards for Conducting a Flora. This
table includes the standard category and the specific standard outlined by Palmer in 1995, and for
each standard, one to two iNaturalist components are listed with each of them being denoted with
an M or an F, where the M indicates that the component meets a standard and an F indicates that
the component can facilitate the standard. Out of 32 total standards, seven are met and 25 are
facilitated.
Category

Palmer’s Flora Standard

Component of
iNaturalist

Standard Met (M) or
Facilitated (F)

Title

Site Name and general location included

Project Title

F

Title

The terms flora or vascular checklist included

Project Title

F

Title

Taxonomic scope included

Project Title

F

Location
Information

The location of the site under consideration must be
unambiguously and completely identified

Project Description, Journal

F

Location
Information

Site status: The proper name for the site, ownership, and
jurisdiction

Project Description, Journal

F

Location
Information

Distribution of the site: Number of parcels, location, and
area of each

Map of Observations

M

Location
Information

Political: In the United States, state(s), county(ies), city
Map of Observations
or township (if applicable); elsewhere, the finest possible
resolution

M

Location
Information

Geographic: Area of site to maximal feasible accuracy,
minimal and maximal latitude, minimal and maximal
longitude. If a region is less than 25 km in maximal
dimension, then it is acceptable to list the latitude and
longitude for the centroid. Number of different parcels
included, if applicable
Minimal and maximal elevation

Map of Observations

M

Project Journal

F

Environmental
Data

Description of community types

Project Journal

F

Environmental
Data

Description of geomorphology and geology

Project Journal

F

Environmental
Data

Description of natural disturbance

Project Journal

F

Environmental
Data

Description of human disturbance

Project Journal

F

Environmental
Data

Major bodies of water, if relevant

Project Journal

F

Taxonomic Scope

Authorities used for nomenclature stated and
bibliographic information presented

Project Journal

F

Taxonomic Scope

Taxonomic scope stated

Project Journal

F

Taxonomic Scope

Omitted taxa stated

Project Journal

F

Voucher
Specimens
Voucher
Specimens

Herbaria where specimens are deposited

Project Journal, Observation Notes F

Reasons for not collecting species

Project Journal, Observation Notes F

Botanical Effort

Years and seasons of expeditions

Observation metadata

Environmental
Data

13

M

Botanical Effort
Botanical Effort

Main collectors
Which herbaria were searched (if any)

Overview
Project Journal

M
F

Botanical Effort

Which already-existing lists are included (if any)

Project Journal

F

Exotic/native
Species

Criteria (and authority) used to distinguish exotic
status

Project Journal, Observation Notes F

The List

Terms and symbols unambiguously defined

iNaturalist Website

M

The List

Exotic status of species presented

Observation Notes

F

The List

Species alphabetically listed within families

Project Journal

F

The List

Families in logical order (alphabetical preferred)

Project Journal

F

The List

Conventions followed for botanical nomenclature

iNaturalist Website

M

The List

Authorities must be included, unless a standardized
source is strictly followed

Project Journal

F

Summary Table

Number of families, genera, species, and infraspecific
taxa (if available)

Project Journal

F

Summary Table

Exotic status of species

Project Journal

F

Three of the “Location Information” standards are met by the map of observations (Figure 3).
The first standard is to include the distribution of the site, including the number of parcels, their
location, and the area of each. The second standard is to include the states, counties, cities or
townships if in the US. If elsewhere, one should include the finest resolution possible. The third
standard is to include the area of site to maximal feasible accuracy by including the minimal and
maximal latitude and longitude. The map of observations displays the location of each
observation down to its precise coordinate, equating to the location and ranges of all
observations, thus, meeting these three standards.
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Figure 3. iNaturalist Project’s Map of Observations. This figure shows the Map of
Observations within my iNaturalist Project titled “Vascular Flora of Dade County’s Charles B
Henson Preserve,” and each observation populates on the map of the area, indicating their
coordinates. Three “Location Information” standards are met by the Map of Observations.
Two “Botanical Effort” standards are also met by iNaturalist components. The standard to
include the years and seasons of expeditions is met by the observation metadata (Figure 4).
Because each observation is tagged with the date of observation, the exact time period
observations are added to a project is included. The standard to include the main collectors of the
flora is met by the Overview page of a project where the collectors are ranked according to the
number of observations made (Figure 5).
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Figure 4. Observation Metadata. This figure shows the observation metadata denoting the time
of observation, meeting Palmer’s standard to include the years and seasons of expeditions in a
flora.

Figure 5. Overview Page. This figure shows an iNaturalist project’s Overview page, where the
top observers are listed in order of most observations, meeting Palmer’s standard to include the
main collectors in a flora.
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Two of “The List” standards are met by the iNaturalist website/platform itself by either the
user-interface or the source of botanical nomenclature. The standard to ensure that terms and
symbols are unambiguously defined are met by the user-interface itself, plus a thorough help
page eliminates any confusion. The second standard to ensure that conventions are followed for
botanical nomenclature is met by iNaturalist’s source of nomenclature, which follows the
Catalogue of Life 2018 Annual Checklist. For vascular plants specifically, nomenclature follows
Kew’s Plants of the World Online (POWO).
Now the remaining 25 standards that are facilitated by one to two iNaturalist components will be
discussed. An iNaturalist project’s title (Figure 6) can facilitate the three standards within the
“Title” category, which are to include the site name and general location, the term “flora” or
“vascular checklist,” and the taxonomic slope. The iNaturalist user is responsible for making
sure this information is included within the project title. A project’s description or “About”
paragraph (Figure 6) can include the necessary information to ensure that the location of the site
is unambiguously and completely identified and the proper name for the site, ownership, and
jurisdiction is included.
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Figure 6. Project Title and Description. This figure shows where the title of an iNaturalist
Project is displayed and how the standards to include the site name and general location, the term
flora or vascular checklist, and the taxonomic scope may be facilitated here. This figure also
shows the project description, or “About” paragraph, which can facilitate an unambiguous and
complete identification of the site, as well as the proper name, ownership, and jurisdiction for the
site (the two “Location Information” standards that were not explicitly met).
The project journal (Figure 7) is a place where an iNaturalist user may post a great deal of
written information that the project itself does not indicate. In fact, most of the standards can be
included in the form of a journal post. All of the “Environmental Data” standards, including
minimal and maximal elevation, descriptions of community types, natural and human
disturbance, major bodies of water, and geomorphology and geology may be discussed in the
project journal. The two “Location Information” standards that can be facilitated by the project
description may also be facilitated by the project journal. The three “Taxonomic Scope”
standards as well as the two “Voucher Specimens” standards may be facilitated by the project
journal. Two of the “Botanical Effort” standards, the “Exotic/native Species” standard, three of
“The List” standards and the two “Summary Table” standards may also be facilitated by the
project journal. Each of these standards are listed in detail in Table 3.
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Figure 7. Project Journal. This figure shows where information is entered to complete a journal
entry. Serving as a point of written documentation, the project journal could potentially facilitate
21 of Palmer’s 32 standards for writing a flora.
Some of the standards that may be facilitated by the project journal may also be facilitated by the
observation notes (Figure 8). The observation notes are where information specific to each
particular observation may be included. These standards include the two “Voucher Specimen”
standards (to include the herbaria where specimens are deposited and to include reasons for not
collecting specimens), the “Exotic/native Species” standard (to include the criteria and authority
used to distinguish exotic status), and “The List” standard (to include the exotic status of each
species).
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Figure 8. Observation Notes. This figure shows where an iNaturalist user may include
information specific to each observation. The observation notes can facilitate four of Palmer’s
standards.

DISCUSSION
It is important to note that a research grade designation does not indicate a correct species
identification. iNaturalist user’s face the reality that their species identifications could be falsely
confirmed or falsely contradicted. Additionally, a species does not have to be assigned an
identification in order to be uploaded, so while a record of an observation exists on iNaturalist,
there may be no way for users to search for every occurrence of a species of interest. Still, the
ability of the iNaturalist community to enter a discussion about an observation’s botanical
nomenclature can serve as an effective method of narrowing or correcting the identification. 168
out 469 total observations are considered research grade observations at this time, and this
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number may be low as a result of observations being uploaded with general identifications (e.g.
Plantae) rather than specific observations that prompt an iNaturalist user to confirm or deny an
identification.
The observation trends in Figure 2 indicated a down trend overall in the number of observations
made with the exception of the last trip, which was accompanied by two experienced botanists.
The downward trend indicates the limited experience of the researcher preventing documentation
from surpassing a general range of species. Numbers of observations and species identified were
greatly boosted for the trip with experienced botanists, indicating the importance of taxonomic
experience when conducting a flora. A definite c-value for only 105 out of the 156 species could
be determined, which may have limited the FQI calculation. Assuming the FQI of 56.36
represents the community as accurately as possible, the community at the CBHCP ranks high
above 35, so it would be defined as having an exceptionally high vegetative quality
(Pennsylvania Land Trust Association, 2019). Huskins and Shaw’s model predicts a total of 580
species, and the current study has documented 156 unique species, 27% of the predicted flora,
which could potentially warrant further study of the site; however, a lower than expected species
richness could also be affected by land use-history or geographic formations constricting the ease
of dispersal. Actual species counts are fully expected to come closer to the number calculated
using Huskins and Shaw’s model. Suspected reasons for disparity between actual species number
and predicted species number are (1) collections were made during only one growing season and
(2) researcher’s limited taxonomic experience. The current study documented 14 species of
special concern out of 156 species total, 9.0%, and none of the species documented are state or
federally listed. For comparison, a local flora conducted in the Lula Lake land trust on Lookout
Mountain (Prater, 2015), indicated 28 species of conservation concern, or 4.2% of the total flora.
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Prater’s flora also documented 91 introduced species, accounting for 13.5% of the total flora,
whereas the present digital flora documented 14 introduced species, accounting for 9.0% of the
total flora. While fewer species of special concern may decrease the necessity of conservation,
the lack of extensive documentation over many growing seasons may misrepresent the actual
biodiversity of the study site; therefore, more species of special concern may be present. Another
local vascular flora conducted in the Tennessee River Gorge (Blyveis and Shaw, 2012), contains
fifteen imperiled taxa, comprising 2.1% of the total flora, and twelve of these species are
federally listed. The present digital flora also documented 98 nonnative species, making up
13.1% of the total flora. Only 14 species received state and global ranks indicating some degree
of vulnerability, and the majority of respective rankings are not of a critical nature. An
iNaturalist project explicitly meets seven out of 32 total standards. The remaining 25 standards
can be facilitated by an iNaturalist project, but the quality of the content will depend on the
user’s background, education, and prior experience with writing floras. While it may exhibit
many parallels to Palmer's standards, an iNaturalist project certainly does not equate to a
completed flora meeting all standards. In order for a beginner botanist to conduct an effective
flora using iNaturalist, instructions outlined by Palmer (1995) should be followed.

CONCLUSION
There are clearly many factors that can be limiting to an iNaturalist user’s ability to conduct a
thorough flora of an area using an iNaturalist project. However, there is not one of Palmer’s
standards that cannot be at least facilitated in some way by an iNaturalist project. The one
significant limitation of a digital flora is that physical specimens are not collected to complete an
iNaturalist project; however, there is no reason specimens couldn’t also be collected. Citizen
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science platforms are effective at capturing a significant amount of information, so to ensure that
future citizen science projects capture data of good quality, perhaps instructional prompts might
be implemented into the iNaturalist framework, that indicate to the beginner botanist, what
information should be included and where that information should be deposited. The process of
identifying a species using iNaturalist may also be enhanced by implementing a dichotomous
key tool that prompts users to make defining characteristic observations. A number of such tools
exist today; for example, Arbor Day Foundation has an online version of a pocket guide to
identifying trees, providing users with a simplified step by step process for identifying species,
including illustrations and clear explanations of morphological characteristics (Arbor Day
Foundation, 2022). Based on what we have seen, it is possible for users to set up an iNaturalist
project in a way that meets all of Palmer's standards.
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VASCULAR CHECKLIST
The following checklist is a list of the vascular plants observed at the CBHCP and documented
using iNaturalist, including only those observations of which have been identified to the species
level. The iNaturalist plant phyla are based on the Catalogue of Life 2018 Annual Checklist and
for vascular plants, Kew’s Plants of the World Online (POWO). Species have been organized
into the four major groups: Pteridophytes, Gymnosperms, Monocots, and Dicots, and within each
major group, each species is further organized into families. Species names are followed by, in
order, the species’ state rank (Table 4), global rank (Table 4), number of iNaturalist observations
of the Research Grade rank* (Table 5), number of iNaturalist observations of the Needs ID rank*
(Table 5), and c-value. Specimens without an apparent c-value are denoted with a question mark
*Only listed if any are present.
†Questionable Identification
PTERIDOPHYTES
Aspleniaceae
Asplenium platyneuron SNR, G5, 3RG, 4
Asplenium resiliens S4, G5, 3RG, 8
Asplenium rhizophyllum S5, G5, 2RG, 9
Athyrium
Athyrium asplenioides ND, 1RG, 6
Blechnaceae
Woodwardia areolata SNR, G5, 2RG, 6
Diplaziopsidaceae
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Homalosorus pycnocarpos S3, G5, 1RG, NR
Dryopteridaceae
Polystichum acrostichoides SNR, G5, 11RG, 9
Polypodiaceae
Pleopeltis michauxiana SNR, G5, 2RG, 1NID, 6
Pteridaceae
Adiantum pedatum S5, G5, 2RG, 6
Myriopteris alabamensis S2, G4, 2RG, 1NID, 7
Pellaea atropurpurea S4, G5, 2RG, 2NID, 10
Thelypteridaceae
*Macrothelypteris torresiana SNR, G5, 1RG, 9
Phegopteris connectilis SNR, G5, 1RG, N/A
Phegopteris hexagonoptera SNR, G5, 1RG, 7
Thelypteris kunthii S5, G5, 1 RG, 1NID, 8
Woodsiaceae
Woodsia obtusa SNR, G5, 1RG, 1NID, NR

GYMNOSPERMS
Cupressaceae
Juniperus virginiana SNR, G5, 1RG, 2NID, NR
Thuja occidentalis SNR, G5, 1NID, 7
Pinaceae
Pinus echinata SNR, G5, 1RG, 1NID, 5
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Pinus virginiana SNR, G5, 1RG, 5

ANGIOSPERMS - MONOCOTYLEDONS
Amaryllidaceae
Allium cernuum S3, G5, 1NID, 10
Allium stellatum S1, G5, 1NID, 8
*Allium vineale SNA, GNR, 1NID, NA
Hymenocallis occidentalis SNR, G2, 1NID, ?
Araceae
Arisaema triphyllum S5, G5, 2RG, 5
Asparagaceae
Yucca filamentosa S5, G5, 1RG, 3NID, 0
Cyperaceae
Carex fraseriana S1, G4, 1RG, ?
Eleocharis obtusa S5, G5, 1NID, 3
Juncaceae
Juncus marginatus SNR, G5, 1NID, 6
Orchidaceae
Tipularia discolor S5, G4, 3RG, 7
Poaceae
Andropogon glomeratus S5, G5, 1NID, 5
Brachyelytrum erectum SNR, G5, 1NID, 7
Chasmanthium latifolium SNR, G5, 1NID, 5
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Chasmanthium sessiliflorum SNR, G5, 1RG, 1NID, 5
Coleataenia anceps SNR, G5, 1NID, ?
*Dactylis glomerata SNA, GNR, 2RG, 1NID, NA
†Paspalum langei 1NID, NR
Smilacaceae
Smilax bona-nox SNR, G5, 2RG, ?
Smilax rotundifolia SNR, G5, 1RG, 3

ANGIOSPERMS - DICOTYLEDONS
Acanthaceae
Ruellia caroliniensis S5, G5, 1NID, 6
Altingiaceae
Liquidambar styraciflua SNR, G5, 4RG, 3
Anacardiaceae
Rhus aromatica SNR, G5, 2NID, 6
Rhus copallinum SNR, G5, 1RG, 3
Toxicodendron radicans SNR, G5, 1RG, ?
Annonaceae
Asimina triloba S5, G5, 1RG, 6
Apiaceae
*Daucus carota SNA, GNR, 1NID, NA
Apocynaceae
Asclepias tuberosa S5, G5, 1RG, ?
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Matelea carolinensis S4, G4, 1NID, 5
Aquifoliaceae
Ilex decidua SNR, G5, 1RG, 5
Asteraceae
Antennaria solitaria S5, G5, 1NID, 7
Brickellia eupatorioides S5, G5, 1NID, ?
Cirsium altissimum S5, G5, 1NID, 6
†Cirsium pumilum, 1NID, NR
Elephantopus carolinianus SNR, G5, 2NID, 4
Elephantopus tomentosus SNR, G5, 1RG, 2NID, 4
Erechtites hieraciifolius SNR, G5, 2RG, ?
Eupatorium capillifolium SNR, G5, 2RG, 1NID, 2
Helianthus microcephalus SNR, G5, 1NID, 6
Helianthus strumosus SNR, G5, 1NID, 7
Lactuca floridana SNR, G5, 1NID, 6
Packera anonyma S5, G5, 2RG, 8
Pyrrhopappus carolinianus SNR, G5, 1NID, 1
Silphium asteriscus SNR, G5, 2NID, ?
Silphium mohrii S1, G3, 1RG, ?
Smallanthus uvedalia SNR, G4, 3RG, 1NID, 7
Symphyotrichum patens S5, G5, 2NID, ?
Verbesina occidentalis SNR, G5, 1RG, 1NID, 4
Verbesina virginica SNR, G5, 2RG, 1NID, ?
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Betulaceae
Corylus cornuta S4, G5, 1NID, 6
Bignoniaceae
Campsis radicans SNR, G5, 2RG, 1
Boraginaceae
Phacelia bipinnatifida S4, G5, 1NID, 8
Brassicaceae
Borodinia laevigata S4, G5, 1NID, NR
Cactaceae
Opuntia humifusa SNR, G5, 1RG, 6
Campanulaceae
Lobelia puberula SNR, G5, 1RG, 8
Lobelia siphilitica S3, G5, 1RG, 6
Cannabaceae
Celtis occidentalis SNR, G5, 1RG, 3
Caprifoliaceae
*Lonicera maackii SNA, GNR, 1RG, NA
Caryophyllaceae
Silene virginica S5, G5, 1RG, ?
Celastraceae
Euonymus americanus SNR, G5, 1NID, 6
Cornaceae
Cornus florida S5, G5, 2RG, 1NID, 5
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Crassulaceae
Sedum ternatum S5, G5, 1RG, 6
Ericaceae
Chimaphila maculata SNR, G5, 1RG, 7
Euphorbiaceae
†Croton lindheimerianus, 1NID, NA
Fabaceae
Cercis canadensis SNR, G5, 2RG, 1NID, ?
Cladrastis kentukea S3, G4, 1NID, 9
Desmodium perplexum SNR, G5, 1NID, 5
Desmodium rotundifolium SNR, G5, 2RG, 6
*Lespedeza cuneata SNA, GNR, 1RG, NA
Mimosa microphylla NR, 1RG, 7
Robinia pseudoacacia SNR, G5, 1RG, 1NID, 3
Senna marilandica SNR, G5, 1RG, 8
*Trifolium campestre SNA, SNR, 1RG, NA
*Trifolium pratense SNA, GNR, 1NID, NA
*Vicia sativa SNA, G5, 1RG, ?
Fagus grandifolia SNR, G5, 3RG, ?
Quercus alba G5, SNR, 2RG, 3NID, 6
Quercus montana SNR, GNR, 1RG, 1NID, 5
Quercus muehlenbergii SNR, G5, 1RG, 7
Quercus rubra SNR, G5, 1RG, ?
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Gentianaceae
Sabatia angularis S5, G5, 1RG, 4
Geraniaceae
Geranium maculatum SNR, G5, 1NID, 6
Hamamelidaceae
Hamamelis virginiana S5, G5, 1RG, ?
Hydrangeaceae
Hydrangea cinerea S3, G5, 1NID, 8
Philadelphus pubescens S1, G5, 1RG, 8
Hypericaceae
Hypericum mutilum SNR, G5, 1NID, ?
Hypericum stragulum NR, G5, 1NID, 6
Juglandaceae
Carya glabra SNR, G5, 1NID, 6
Carya ovata S4, G5, 1RG, 5
Lamiaceae
Callicarpa americana SNR, G5, 3RG, 4
*Perilla frutescens SNA, GNR, 3RG, NA
Salvia lyrata SNR, G5, 2RG, 2
Lauraceae
Sassafras albidum SNR, G5, 1RG, 3
Magnoliaceae
Liriodendron tulipifera SNR, G5, 3RG, 5
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Magnolia acuminata SNR, G5, 1NID, ?
Nyssaceae
Nyssa sylvatica SNR, G5, 1RG, 1NID, 6
Orobanchaceae
Conopholis americana SNR, G5, 2RG, 8
Passifloraceae
Passiflora incarnata SNR, G5, 3RG, 2
Passiflora lutea SNR, G5, 1RG, 5
Paulowniaceae
*Paulownia tomentosa SNA, GNR, 3RG, 3NID, NA
Phytolaccaceae
Phytolacca americana SNR, G5, 2RG, ?
Plantaginaceae
Plantago lanceolata SNA, G5, 1NID, NA
Plantago rugelii SNR, G5, 1NID, 0
Platanaceae
Platanus occidentalis SNR, G5, 3RG, 5
Polemoniaceae
Phlox divaricata SNR, G5, 1NID, 6
Polygalaceae
Polygala incarnata SNR, G5, 1NID, 9
Polygonaceae
Persicaria longiseta NR, 1RG, NA
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Ranunculaceae
Actaea pachypoda S5, G5, 1RG, 7
Actaea racemosa S4, G3, 1NID, 8
Hepatica acutiloba NR, 4RG, 7
Thalictrum thalictroides S5, G5, 1RG, 7
Rhamnaceae
Frangula caroliniana SNR, G5, 1RG, 1NID, 4
Rosaceae
Agrimonia gryposepala S2, G5, 1NID, 4
Geum canadense SNR, G5, 1NID, 2
*Pyrus calleryana SNA, GNR, 2NID, NA
Rosa carolina SNR, G5, 2NID, ?
Rubus bifrons SNA, G5, 1NID, NA
Rubus flagellaris SNR, G5, 2NID, 3
†Rubus pensilvanicus 1NID, 3
Rubiaceae
Diodia virginiana SNR, G5, 2RG, 3
Sapindaceae
Acer negundo S5, G5, 2RG, ?
Aesculus glabra S2, G5, 1NID, ?
Saxifragaceae
†Heuchera micrantha 1RG, NR
Tiarella cordifolia SNR, G5, 1RG, 8
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Scrophulariaceae
*Verbascum thapsus SNA, GNR, 1RG, ?
Simaroubaceae
*Ailanthus altissima SNA, GNR, 2RG, NA
Solanaceae
Solanum carolinense S5, G5, 4RG, ?
*Solanum lycopersicum SNA, GNR, 1NID, NA
Ulmaceae
Ulmus alata SNR, G5, 1RG, 2
Ulmus americana SNR, G4, 1NID, ?
Ulmus rubra SNR, G5, 1RG, 4
Urticaceae
Pilea pumila SNR, G5, 1RG, 1NID, 3
Verbenaceae
Verbena urticifolia SNR, G5, 1NID, 2
Viburnaceae
Viburnum acerifolium S5, G5, 1RG, 8
Viburnum rufidulum SNR, G5, 3NID, 6
Vitaceae
Parthenocissus quinquefolia SNR, G5, 2RG, 3
Vitis rotundifolia S5, G5, 1RG, NR

39

Table 4. State and Global Rank Abbreviations. This table shows the definitions of state and
global ranking abbreviations for each species.
State Rank

Global Rank

Definition

S1

G1

Critically Imperiled

S2

G2

Imperiled

S3

G3

Vulnerable

S4

G4

Apparently Secure

S5

G5

Secure

SNR

GNR

Unranked

SNA

GNA

Not Applicable

NR

NR

No Results (No record for
that species on Natureserve)

Table 5. iNaturalist Abbreviations. This table shows the definitions of abbreviations for
iNaturalist rankings. Either abbreviation is only reported when one or more observations of
species have the respective ranking.
Abbreviation

Definition

nRG

iNaturalist deems observation Research
Grade, where n is the number of observations
with this ranking.

nNID

iNaturalist deems observation Needs ID
(further identification) before assuming the
rank of Research Grade, where n is the
number of observations with this ranking.
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